We study D -meson production at forward rapidities taking into account the non -linear effects in the QCD dynamics and the intrinsic charm component of the proton wave function. The total cross section, the rapidity distributions and the Feynman -x distributions are calculated for pp collisions at different center of mass energies. Our results show that, at the LHC, the intrinsic charm component changes the D rapidity distributions in a region which is beyond the coverage of the LHCb detectors. At higher energies the IC component dominates the y and xF distributions exactly in the range where the produced D mesons decay and contribute the most to the prompt atmospheric neutrino flux measured by the ICECUBE Collaboration. We compute the xF -distributions and demonstrate that they are enhanced at LHC energies by approximately one order of magnitude in the 0.2 ≤ xF ≤ 0.8 range.
I. INTRODUCTION
The production of charm mesons in pp/pA/AA collisions is an important part of the physics program at the LHC and future colliders [1] . One of the reasons to study charm quark production is that it is expected to be sensitive to the non -linear effects of the QCD dynamics [2] [3] [4] [5] [6] , which are predicted to be enhanced at forward rapidites. Another reason is that the understanding of open charm meson production is fundamental to estimate the magnitude of the prompt neutrino contribution to the atmospheric neutrino flux [7] [8] [9] [10] [11] . The latter is an important background for the astrophysical neutrino flux that can be measured by ICECUBE [13] . As demonstrated e.g. in Ref. [10, 11] and recently discussed in detail in Ref. [12] , the main contribution to the prompt neutrino flux comes from open charm meson production at very forward rapidities, beyond that reached at the LHC, where new effects may be present.
One of the possible new effects that can contribute to open heavy meson production at forward rapidities is the presence of intrinsic heavy quarks in the hadron wave function (For recent reviews see, e.g. Refs. [14] [15] [16] [17] ). Heavy quarks in the sea of the proton can be perturbatively generated by gluon splitting. Quarks generated in this way are usually denoted extrinsic heavy quarks. In contrast, the intrinsic heavy quarks have multiple connections to the valence quarks of the proton and thus are sensitive to its nonperturbative structure. Most of the charm content of the proton sea is extrinsic and comes from the DGLAP [18] evolution of the initial gluon distribution. This process is well understood in perturbative QCD. The existence of the intrinsic charm (IC) component was first proposed long ago in Ref. [19] (see also Ref. [20] ) and since then other models for IC have been discussed.
In the original model [19, 21] , the creation of the cc pair was studied in detail. It was assumed that the nucleon light cone wave function has higher Fock states, one of them being |qqqcc >. The probability of finding the nucleon in this configuration is given by the inverse of the squared invariant mass of the system. Because of the heavy charm mass, the probability distribution as a function of the quark fractional momentum, P (x), is very hard, as compared to the one obtained through the DGLAP evolution. In the literature this model is known as BHPS. A more dynamical approach is given by the meson cloud model (MC). In this model, the nucleon fluctuates into an intermediate state composed by a charmed baryon plus a charmed meson [22, 23] . The charm is always confined in one hadron and carries the largest part of its momentum. In the hadronic description we can use effective lagrangians to compute the charm splitting functions, which turn out to favor harder charm quarks than the DGLAP ones. The main difference between the BHPS and MC models is that the latter predicts that the charm and anticharm distributions are different [24], since they carry information about the hadronic bound states in which the quarks are. The intrinsic charm (IC) component of the proton wave function was considered in the global analysis performed in 2006 by the CTEQ collaboration [25] . In this update the CTEQ group determined the normalization of the IC distribution. In fact, they find several IC distributions which were compatible with the world data. Apart from the already mentioned BHPS and meson cloud models, the CTEQ group has tested another model of intrinsic charm, called sea-like IC. It consists basically in assuming that at a very low resolution (before the DGLAP evolution) there is already some charm in the nucleon, which has a typical sea quark momentum distribution (≃ 1/ √ x) with normalization to be fixed by fitting data. The resulting charm distributions are presented in Fig. 1 (lower red curves) , where the no IC curve represents the standard CTEQ prediction, obtained disregarding the presence of intrinsic charm in the initial condition of the evolution. The BHPS and MC models predict a large enhancement of the distribution at large x (> 0.1). In contrast, the sea -like (SL) model predicts a smaller enhancement at large x, but a larger one at smaller x (< 0.2). We follow Ref. [25] and use the labels BHPS2, MC2 and SL2 for the versions of these models which have the maximum amount of intrinsic charm. In Fig. 1 we also present the corresponding gluon distributions (upper black curves). Due to the momentum sum rule, the gluon distribution is also modified by the inclusion of intrinsic charm. In particular, the BHPS and MC models imply a suppression in the gluon distribution at large x (For a more detailed discussion see e.g. Ref. [26] ).
The large enhancement at large -x in the charm distribution, associated to intrinsic charm, has motivated a large number of phenomenological studies to confirm the presence (or absence) of this component in the hadron wave function. One of the most direct consequences is that the intrinsic charm component gives rise to heavy mesons with large fractional momenta relative to the beam particles, affecting the Feynman -x (x F ) and rapidity distribution of charmed particles. This aspect was explored e.g. in Refs. [27] [28] [29] ). Moreover, the presence of intrinsic charm changes the Higgs [30] and photon production [31] at high x F . Over the last two years, new parametrizations of the IC distribution were released [32, 33] , motivating an intense debate about the amount of IC in the proton wave function [33, 35] . At the same time new implications of IC were discussed [36] [37] [38] . In particular, in Ref. [38] the authors presented a method to generate matched intrinsic charm / intrinsic bottom distributions for any PDF set without the need for a complete global re-analysis. This allows one to easily carry out a consistent analysis including intrinsic quark effects. Additionally, the proposal of constructing a high energy and high luminosity fixed-target experiment using the LHC beams (AFTER@LHC) [39] motivated new theoretical studies about the possibility of measuring the intrinsic charm component of the nucleon [16] . Finally, the effect of IC on the atmospheric neutrino flux measured by ICECUBE was addressed in Refs. [11, 40, 41] considering different phenomenological models for the treatment of the intrinsic component.
In this paper we revisit D -meson production at forward rapidities in hadronic collisions, which probes particle production at large x F . In this case, the kinematics is very asymmetric, with the hadrons in the final state emerging from collisions of projectile partons with large light cone momentum fractions with target partons carrying a very small momentum fraction. As a consequence, we have the scattering of a dilute projectile on a dense target, where the small-x effects coming from the non-linear aspects of QCD and from the physics of the Color Glass Condensate (CGC) [42] are expected to appear and the usual factorization formalism is expected to breakdown [3] . The satisfactory description of the experimental data in this kinematical region with the CGC approach [43] [44] [45] indicates that the CGC is the appropriate framework to study particle production in the large rapidity region (for an alternative approach, see [46] ). Along this line, in [28] the formalism proposed in [43] for light meson production was generalized to Dmeson production in pp and pA collisions at forward rapidities, including intrinsic charm quarks in the projectile wave function. Recently, the basic equation proposed in Ref. [28] was reobtained in Ref. [6] . In Ref. [28] we have presented predictions for the p T distributions of D mesons at large rapidities considering pp and pA collisions at RHIC and LHC energies. Our results indicated that the presence of intrinsic charm strongly modifies the p T -spectra. However, a shortcoming of Ref. [28] is that the gluonic contribution to D -meson production, associated to the g + g → c +c channel, was not included in a systematic way. Basically, this contribution was considered as a background and was estimated considering the standard PYTHIA predictions. One of the main goals of this paper is to consistently include this contribution, taking into account the non -linear effects in the QCD dynamics at small x, as well as the modifications at large x in the gluon distribution predicted by the different IC models. We will present predictions for the total cross section and rapidity distribution considering pp -collisions at LHC energies and compare them with the recent experimental data. In particular, we will estimate the rapidity region where the IC contribution is larger. Another goal is to estimate the impact of the IC component on the x F -distributions, which are the main input in the calculations of the prompt neutrino flux. We will present our predictions for this distribution considering LHC and Ultra -High Cosmic Rays (UHECR) energies and demonstrate that the x F behavior is strongly modified in the
This paper is organized as follows. In next Section we will present a brief review of the main ingredients used in our calculation of D -meson production at forward rapidities and large x F . In particular, we review the approach proposed in Ref. [28] for the intrinsic component and the dipole picture of heavy quark production in gluonic interactions developed in Refs. [47, 48] and applied at the LHC in Refs. [4, 49] . Both contributions will be expressed in terms of the dipole -nucleon scattering amplitude, which we will assume to be given by the model proposed in Ref. [44] and recently updated to describe the recent LHC data on forward particle production in pp collisions in Ref. [45] . In Section III we present our results for the total cross section and rapidity distribution and compare with recent experimental data. The impact of the IC contribution is estimated and the optimal kinematical range to probe its presence is determined. Moreover, we estimate the x F -distribution considering pp collisions at LHC and UHECR energies. Finally, in Section IV we summarize our main conclusions.
II. D -MESON PRODUCTION AT FORWARD RAPIDITIES
In what follows we will address prompt D -meson production, disregarding the contribution from the decay of heavier mesons. In this case, the D -meson production is determined by the cross section of heavy quark production, which is usually described in the collinear or k T -factorization frameworks of QCD. Using collinear factorization, charm production is described in terms of the basic subprocesses of gluon fusion (g + g → c + c) and light quarkantiquark fusion (q + q → c + c), with the latter being negligible at high energies. The elementary cross section computed to leading order (LO) or next-to-leading order (NLO) is folded with the corresponding parton distributions and fragmentation functions. This is the basic procedure in most of the calculations performed, for instance, with the standard codes PYTHIA and MCFM. However, at small x collinear factorization should be generalized to resum powers of α s ln(s/q 2 T ), where q T is the transverse momentum of the final state and √ s is the center of mass energy. This resummation is done in the k T -factorization framework, where the cross section is expressed in terms of unintegrated gluon distributions which are determined by the QCD dynamics at small-x (For recent results see e.g. Ref. [50] ). The presence of non -linear effects in the QCD dynamics is expected to have impact on heavy quark production at high energies [2] [3] [4] [5] , leading to the breakdown of the k T -factorization [3, 51] .
One way to study heavy quark production in gluon -gluon interactions is the color dipole formalism developed in Refs. [47, 48] , which allows us to take into account the non -linear effects in the QCD dynamics as well as higher order corrections [52] . The basic idea of this approach is that, before interacting with the hadron target, a gluon is emitted by the projectile and fluctuates into a color octet pair QQ. The dipole picture of HQ production is represented in Fig.  2 (left panel) . Taking into account that the heavy quarks in the dipole as well the incident gluon (before fluctuating into the pair) can interact with the target, the rapidity distribution for a h 1 h 2 collision can be expressed as follows [48] : where
is the projectile gluon distribution, the cross section σ(Gh 2 → {QQ}X) describes heavy quark production in a gluon -nucleon interaction, y is the rapidity of the pair and µ F is the factorization scale. Moreover, the cross section of the process G + h 2 → QQX is given by:
where α (ᾱ ≡ 1 − α) is the longitudinal momentum fraction carried by the quark (antiquark), ρ is the transverse separation of the pair, Ψ G→QQ is the light-cone (LC) wave function of the transition G → QQ (which is calculable perturbatively and is proportional to α s ) and σ h2 QQG is the scattering cross section of a color neutral quark-antiquarkgluon system on the hadron target h 2 [47, 48, 52] . The three -body cross section is given in terms of the dipolenucleon cross section σas follows:
The dipole -nucleon cross section can be expressed in terms of the forward scattering amplitude N (x, ρ), which is determined by the QCD dynamics and constrained by the HERA data, as follows:
where σ 0 is a free parameter usually determined by a fit of the HERA data. In the dipole picture the heavy quark production cross section is associated to gluon -gluon interactions and it is determined by the projectile gluon distribution and by the model assumed for the dipole -nucleon scattering amplitude. Moreover, it depends on the values of the charm mass and of the running coupling constant α s . Finally, in order to estimate the corresponding D -meson cross section we need to convolute the heavy quark cross section with the fragmentation function, for which a model must be chosen. As discussed in the Introduction, the cross sections at forward rapidities are dominated by collisions of projectile partons with large light cone momentum fractions with target partons carrying a very small momentum fraction. From light hadron production, we know [53] that in this kinematical range the cross section is dominated by the interaction of valence quarks of the projectile with gluons of the target. In other words, the cross section depends on the partonic structure of the projectile at large-x. If the intrinsic charm is present in the proton wave function and strongly modifies the behavior of the corresponding parton distribution at large x, it is natural to expect that IC may change the D-meson production cross section. Additionally, as we are probing very small values of x in the target, non -linear effects in QCD dynamics should be taken into account. These were the basic motivations of the study performed in Ref. [28] , where we generalized the DGLAP ⊗ CGC factorization scheme proposed in Ref. [43] to estimate the intrinsic charm contribution (For a recent derivation see Ref. [6] ). In this approach the projectile (dilute system) evolves according to the linear DGLAP dynamics and the target (dense system) is treated using the CGC formalism. As a consequence the differential cross section of D -meson production associated to charm in the initial state is given by [28] 
with the variables x F e x 1,2 being defined by x F = p 2 T + m 2 e y / √ s and x 1,2 = q T e ±y / √ s, where q T = p T /z. Therefore, particle production at forward rapidities and small values of transverse momentum is characterized by the interaction between partons with large x 1 in the projectile and small values of x 2 in the target. As a consequence, the hadron in the final state is expected to be produced at large values of N (x, ρ) . The basic diagram associated to this process is presented in Fig. 2 (right panel) . In Ref. [28] we estimated the p T -spectra of the D -mesons produced at different rapidities in pp and pA collisions at RHIC and LHC energies and demonstrated that the IC component in the proton wave function implies a strong enhancement of the differential cross sections in comparison with the predictions derived disregarding this component. In the next Section we will extend the analysis performed in Ref. [28] , calculating the corresponding rapidity and x F -distributions and including the contribution of gluon-gluon interactions to D-meson production. In order to be theoretically consistent, we will estimate Eqs. (1) and (5) using a common pdf set for the gluon and charm distributions as well the same models for the scattering amplitude and fragmentation function.
III. RESULTS AND DISCUSSION
In what follows we will present our predictions for D-meson production at forward rapidities and large -x F considering the two contributions discussed in the previous Section. This kinematical region is characterized by large values of x 1 and small x 2 , which implies an asymmetric projectile -target configuration, usually denoted dilutedense one. It is exactly for this configuration that the dipole approaches for heavy quark production considered in our analysis have been derived [28, 43, 48] . In order to calculate the cross sections we need to specify the parametrization used for the parton distributions, the model for the scattering amplitude and the c → D fragmentation function. Moreover, the results depend on the charm mass, on the factorization scale and on the running coupling constant.
Let us start discussing the model assumed for the scattering amplitude N (x, ρ) and, consequently, for N (x, k T ). This quantity involves the QCD dynamics at high energies and contains all the information about the initial state of the hadronic wavefunction and therefore about the non-linearities and quantum effects which are characteristic of a system such as the CGC (For reviews, see e.g. [42] ). Formally its evolution is usually described in the mean field approximation of the CGC formalism by the BK equation [54] . Its analytical solution is known only in some special cases. Advances have been made in solving the BK equation numerically [55] . Since the BK equation still lacks a formal solution in all phase space, several groups have constructed phenomenological models for the dipole scattering amplitude. These models have been used to fit the RHIC and HERA data [43, 44, 56] . In general, it is assumed that N can be modelled through a simple Glauber-like formula,
where Q s (x) is the saturation scale, γ is the anomalous dimension of the target gluon distribution and ρ is the dipole size. The speed with which we move from the non-linear regime to the extended geometric scaling regime and then from the latter to the linear regime is what differs one phenomenological model from another. This transition speed is dictated by the behavior of the anomalous dimension γ(x, ρ 2 ). In this paper we consider the BUW [44] dipole model, which assumes that the anomalous dimension can be expressed by
where ω = q T /Q s and a, b and γ s are free parameters to be fixed by fitting experimental data. In the BUW Ansatz, the anomalous dimension γ leads to geometric scaling and hence depends only on the ratio ω = q T /Q s but not separately on q T and on Q s (x). Recently, in Ref. [45] , the original parameters of the BUW model were updated in order to make this model compatible with all existing data. In particular, the recent LHC data on light hadron production at forward rapidity are satisfactorily reproduced by the updated model. In what follows we will use the BUW model with the parameters obtained in Ref. [45] . In order to quantify the impact of the intrinsic charm considering the largest possible number of models of this component, we will use in our calculations the leading order CTEQ 6.5 parametrization for the parton distributions [25]. This particular parametrization has two different PDF sets for each of the models discussed in the Introduction (BHPS, MC and SL), considering different amounts of intrinsic component. It is important to emphasize that this amount is still subject of intense debate. The recent IC global analysis presented in [33] comes to the conclusion that such a big amount of IC in the proton is excluded by the current experimental data. Depending on the analysis, the obtained upper limit on the IC normalization is around 2.5 % or 0.5 %. As our goal is highlighting the possible effect of IC, we will only present the predictions obtained with the CTEQ 6.5 parametrization with the maximum amount of IC (≃ 3.5 %) for a given model (denoted BHPS2, MC2 and SL2 hereafter).
It is important to emphasize that the CTEQ-TEA group has also performed a global analysis of the recent experimental data including an intrinsic charm component, which is available in the CT14 parametrization [32] . However, this analysis has been performed at next-to-next-to-leading order and the meson cloud model was not considered. As the basic equations used in our study of D -meson production have been derived at leading order, we believe that it is more consistent to use in our calculations PDFs obtained at the same order. In order to analyse the influence of a more recent leading order parametrization, we will also present in some of our results, the predictions obtained using the CT14 LO parametrization, which disregards the intrinsic component. Following Ref. [10] we will use the fragmentation function from Ref. [59] given by:
where N = 0.577 and ε = 0.101 and the fragmentation fraction into D 0 is 0.606. An alternative is to consider fragmentation functions with DGLAP evolution as e.g. those obtained in Ref. [60] . However, as demonstrated in Ref. [49] , the main implication of DGLAP evolution is the modification of the p T -spectra at large tranverse momenta. In our analysis we are interested in the rapidity distribution, which is dominated by small values of p T . Therefore, the DGLAP evolution effects in the fragmentation function are expected to have a negligible impact on dσ/dy. We also will assume that the factorization scale µ F in Eq. (1) is equal to µ 2 F = 4 · m 2 c and that α s = α s (µ 2 F ). As a consequence, our predictions depend only on the choice of the charm mass. Finally, it is important to emphasize that our predictions for the gluon and charm contributions, given by the Eqs. (1) and (5), could be modified by higher order corrections, which are in several cases mimicked by a K -factor multiplying the expressions, fitted to describe the data. In our analysis, we will assume that K = 1. However, the estimate of higher corrections for the gluonic and charm contributions is a subject that deserves a more detailed study in the future.
In Fig. 3 (a) we show our results for the total charm production cross section, considering different values of the charm mass, summing the gluonic and charm contributions and assuming that the gluon and charm PDFs are given by the standard CTEQ 6.5 parametrization without an intrinsic component. We compare our predictions with the experimental data. We can observe that the data at high energies are reasonably well described. In what follows we will assume that m c = 1.5 GeV. For comparison we also present the CT14 LO predictions for m c = 1.5 GeV and different values for the factorization scale µ F , in order to estimate the dependence of our predictions on the choice of this scale. Considering the range m c , we observe that the CT14 LO parametrization leads to the band presented in Fig. 3 , which demonstrates that the high energy behavior of the cross section is strongly dependent on the choice of µ F . In Fig. 3 (b) we investigate the impact of the different IC models on the total charm cross section. We can see that the different predictions are almost identical, which is expected, since the total cross section is dominated by the contribution associated to charm production at central rapidities, where both x values of the partons involved in the collision are small. As a consequence, the modifications associated to the presence of intrinsic charm are negligible for this observable. Our predictions for the rapidity distribution of D 0 +D 0 mesons, produced in pp collisions at √ s = 7 and 13 TeV, are presented in Figs. 4 (a) and (b) , respectively. Considering the CT14 LO predictions, we can see that the predictions at central rapidities are strongly sensitive to the choice of µ F , with the uncertainty decreasing at larger rapidities, which is the kinematical range where the IC component contributes. The standard CTEQ 6.5 and the BHPS2 and MC2 models predict a similar behavior at small rapidities, differing only at very forward rapidities. On the other hand, the SL2 model predicts an enhancement in the rapidity distribution in the region of intermediate values of y, which is directly associated to the enhancement of the charm distribution for x ≤ 0.2 (See Fig. 1 ). In order to quantify the influence of the intrinsic component and determine the kinematical region affected by its presence, in Fig. 5 we present the rapidity dependence of the ratio between the IC predictions and the standard CTEQ 6.5 one without an intrinsic component (denoted no IC). Our results demonstrate that the intrinsic component modifies the rapidity distribution at very forward rapidities, beyond those reached by the LHCb Collaboration. We observe that the distribution can be enhanced by a factor ≈ 8, with the position of the maximum shifting to larger rapidities with the growth of the center of mass energy. This behavior can be easily understood if we remember that the x -values probed in the projectile are approximately x ≈ (m T / √ s) exp(+y), where m T = 4m 2 c + p 2 T . Consequently, when the energy increases, we need to go to larger rapidities in order to reach the same value of x. Although the intrinsic component is predicted to manifest itself in a rapidity region beyond the current kinematical rapidity range probed by the LHC, it may also have implications for other observables. As already emphasized in Ref. [28] , the IC component modifies the p T spectra for a fixed rapidity. In particular, we can access large values of x in the projectile wave function by increasing the transverse momentum for a fixed y. However, the clear identification of the intrinsic component is a hard task, since the p T spectra can also be modified e.g. by higher order corrections. Another observable that can be affected by the IC component is the prompt atmospheric neutrino flux, which is strongly dependent on the features of D -meson production at very forward rapidities (For a recent detailed discussion see Ref. [10] [11] [12] ). As demonstrated in Ref. [12] , the main contribution to the neutrino flux comes from rapidities beyond the LHCb range, exactly where we predict the largest impact of IC. As one of the main ingredients to calculate the prompt neutrino flux associated to the decay of open charm mesons is the Feynman x -distribution, in what follows we will analyse in more detail the influence of the IC on this distribution for different energies. In Fig.  6 we show our predictions for the x F -distribution of D 0 +D 0 mesons, produced in pp collisions at √ s = 13 TeV.
We present separately the gluon and charm contributions, as well as the sum of the two terms, denoted "total" in the figures. For comparison we present in Fig. 6 (a) the standard CTEQ 6.5 predictions, which are obtained disregarding a possible intrinsic charm in the initial conditions of the DGLAP evolution. In this case, the charm contribution is smaller than the gluonic one for all values of x F , and the distribution is dominated by the production of D mesons in gluon -gluon interactions. In contrast, when intrinsic charm is included, the behavior of the distribution in the intermediate x F range (0.2 ≤ x F ≤ 0.8) is strongly modified, as we can see in Fig. 6 (b) , where we present the BHPS2 predictions. In order to analyse the energy dependence of the x F -distribution, in Fig. 7 we present our predictions for this distribution considering pp collisions at (a) √ s = 13 TeV and (b) √ s = 200 TeV. The latter value is equivalent to the energy probed when ultra -high energy cosmic rays interact with the atmosphere. We have checked that the BHPS2 and MC2 predictions are similar for all energies considered. In order to determine the magnitude of the impact of the IC and the kinematical range influenced by its presence, we present in Fig. 8 (a) and (b) our predictions for the ratio between the x F distributions predicted by the BHPS and MC models and the standard CTEQ 6.5 one. As expected from Fig. 7 , the BHPS and MC models predict an enhancement at intermediate x F and a suppression at very large x F . Moreover, the magnitude of the enhacement is similar for both models, being a factor 6 -9 in the energy ranges considered. The main aspect that should be emphasized here is that the enhacement occurs exactly in the x F range where the contribution of D -mesons to the prompt neutrino flux [10] [11] [12] is dominant. Consequently, we expect that the presence of the IC component will modify the predictions for the prompt atmospheric neutrino flux. This expectation will be analysed in detail in a future publication.
IV. CONCLUSIONS
A complete knowledge of the partonic structure of hadrons is fundamental to make predictions for the Standard Model and beyond Standard Model processes at hadron colliders. In particular, the heavy quark contribution to the proton structure has a direct impact on several observables analysed at the LHC. Direct measurements of heavy flavors in DIS and hadronic colliders are consistent with a perturbative origin. However, these experiments are in general not sensitive to heavy quarks at large x. Therefore, it is fundamental to propose and study other observables which may be used to determine the presence (or absence) of an intrinsic heavy quark component in the hadron wave function. In recent years, a series of studies have discussed in detail how to probe this intrinsic component, with particular emphasis in processes that are strongly sensitive to the charm in the initial state. One of this processes is D -meson production at forward rapidities, which is also influenced by the specific features of QCD dynamics at high energies. In this paper we have extended the approach proposed in Ref. [28] to the production of D -mesons from charm quarks present in the initial state and we have calculated the rapidity and x F -distributions of D -meson produced in pp collisions at the LHC and in interactions at higher energies. In particular, we have included the contribution associated to gluon -gluon interactions, which are also affected by the intrinsic charm component. Considering different models of the intrinsic charm component, we have demonstrated that the rapidity range influenced by IC is beyond that reached by the LHCb Collaboration. However IC is important for the calculation of the prompt neutrino flux. Our results indicated that the x F -distribution is enhanced by the intrinsic component in the kinematical range that dominates the D -meson contribution to the prompt neutrino flux. Consequently, the inclusion of the IC contribution in the corresponding calculations can be important to estimate the prompt atmospheric neutrino flux probed by the ICECUBE.
